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VTII.-IJrolegomena toxnrds n Study of the Progress am? Develop- 
ment o j  Vision mid Drfinitioli zirdey tlie ~~ic?.oseope.-(16r.:-- 
IS/,S.) 

By E. HERON-ALLW, F.L.S. P.R M.S., and CHARLES 
F. ROUSSELET, F.R.M.S. 

(Read Febrrzrary 16, 1916.) 

IN one of the opening paragraphs of the Charter granted to this 
Society by Her Majesty Queen Tictoria in 1868, it is recited that 
“ the  great and general interest now felt in those branches of 
Science whereof the Microscope is an iinportaiit instrument of 
investigation has been greatly . promoted and fostered by this 
Society,” and the first of the “ Objects ” of the Society, as staeed in 
our By-law No. 1, is “ the communication, discussion, and publica- 
tion of Observations and Discoveries relating to Iinprovements in 
the Construction and mode of Application of the Microscope.” 
No apology, therefore, is needed for our endeavour to put before 
the Society this evening a practical demonstration of the manlier 
in which as a body we have executed the Trust confided to us by 
our Chartel:-a demonstratian which we have little hesitation in 
saying that we are in a better position to give than any other 
scientific institution. We owe that position to the public spirit 
and enthusiasm oi‘ three generat’ions of Microscopists who have 
gradually formed in our oabinets one of the finest collections of 
ancient Microscopes that has ever been got together. It had been 
our intention to preface this demonstration with a short historical 
account of the instrument from the earliest tinies to the present 
day, but it became immediately obvious to us that a subject which 
suffered from compression in five voluniinous lectures thirty years 
ago * could not be dealt with in the t h e  at our disposal at an 
ordinary meeting of the Society in 1916. All we can do, there- 
fore, is to  refer our Fellows to the Cantor Lectures of John Mayall 
already mentioned, to the papers of Dr. Charles Singer published 
in our Transactions t and in the Proceedings of the Koyal Society 
of Medicine,$ to  the Catalogue OC our Microscopes exhibited in 
the British Science Section of tlie Franco-British ExhibitioJi of 

* J. Mayall, Jun., “ Cantor Lectures on the Microscope,” London, 1886. 
t C. Singer, ‘‘ The Dawn of Microbcopical Discovery,” Journ. R. Micr. SOC., 

$ C. Singer, “ Notes on the Early History of Microscopy,” Proc. R. SOC. of 
1915, pp. 317-40 

Medicine (Sect. Hist. of Med.) vii. (1914) pp. 247-79. 
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1909,* and the elaborate descriptions of the instruments in the 
Society’s collection contributed to our Proceedings over a long 
period by the Curators of Instruments, Mr. Charles F. Rousselet and 
his predecessors. Mention may also be made here of the many 
valuable papers contributed for over eleven years to the Society’s 
Journal by Mr. E. M. Nelson. Side by side with these records 
may be studied the fascinating work upon “ Ths Early Naturalists,” 
by Professor L. C. Miall, F.R.S.,t who desires us to express to the 
Society his regret that he is unable to be present this evening, and 
take part in our demonstration and discussion. 

But we wish to lay emphasis upon the fact that our object 
in laying this paper before you is more far-reaching in its intent 
than the occupation of a single meeting of the Society. Our 
object is in the main to give a practical demonstration of the 
desirability, nay, the necessity for the promotion and publication 
by this Society of a comprehensive history of the Microscope from 
the earliest times to the present day. We have no hesitation in 
saying, and we say it without fear of contradiction, that this 
Society is well equipped for the task, both as regards knowledge 
and material. It is a matter of cominon knowledge that the 
private collection of our some-time Secretary, Sir Frank Crisp, is 
one of world-wide celebrity, and that many instruments of unique 
historical interest are in the hands of other Fellows both past 
and present. The technical skill and scientific knowledge of 
Messrs. Nelson, Gordon, Cheshire, Rousselet, and the historical 
researches of Dr. Charles Singer, are, we have reason to know, at 
the service of the Society for the furtherance of the object which 
we have in view, and with such treasures of knowledge and material 
a t  our disposal there can be no doubt of the successful acconiplish- 
ment of an authoritative and definitive work. The admirable work 
of Hartingt is sealed to those who do not read Dutch with 
ease, though it should be noted that there is a German transla- 
tion of Harting’s work, by Dr. Fk. Wilh. Theile (Braunschweig, 
1859). The work of Landsberg 9 remains unfinished ; whilst those 
of Petri I( and ltocchi are necessarily circumscribed by their media 
of publication. 

The Royal Microscopical Society’s History of the Microscope 
is therefore a clearly-indicated necessity, and we trust that this 

* Royal Microscopical Society’s Microscopes at the Franco-British Exhibition, 

t L. C. Miall, “The Early Naturalists, their Lives and Work : 1530-1789,” 

P. Harting, “ Het Mikroskoop, dwzelfs gebruik, geschiedenis en tegenwoordige 

Journ. R. Micr. SOC., 1909, pp. 651-60. 

London, 1912. 

toestand,” Utrecht, 1848-50, 3 vols. 
Q C. Landsberg, “ Central. Zeitung fur Optik. und Mechanik,” 1890, p. 272. 
I! B. J. Petri, “ Das Mikroskop,” Berlin, 1896. (Introduction.) 
7 V. Rocchi, “ Appunti di Storia Critica del Microscopio,” Riv. Storia Grit. d. 

Sci. Mediche e Nat., 1913, Ann. iv. p. 1. 
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evening’s demonstration will stand recorded in our Proceedings 
as the point of departure for its publication. 

Between Seneca’s globe of water in the 1st century A.D.’ 
(through which (‘ letters though sinall and indistinct, are seen 
enlarged and more distinct,”) and the prismatic binocular of 
Conrad Beck lies a long road, diversified by steep acclivities 
and precipitous descents, by fertile plains and sterile chasms, 
and there is no lack of rocks to be surmounted and pit-falls to 
be avoided. 

A long and illuminative series of early books is exhibited to- 
night, in which not only the instruments used, but the objects seen 
are illustrated in historical sequence. It has been said that “ the 
earliest illustrated publication for which there is any evidence 
that a magnifying glass was used is by Hofnagel and appeared at 
Frankfort in 1592.” 7 The magnified domestic fly froin that work 
has been reproduced in our Journal,$ but nearly thirty years 
before that, Conrad Gesner illustrated 4 an organism Stron-~bus 
lapiwidus, which the late Prof. T. Rupert Jones identified as the 
Foraminifer ??a,qinzcli)ic~ lmigatrc ; 11 this work is on the table 
to-night. 

We will detain you no longer, but will call your attention 
shortly to the instruments exhibited this evening. Mr. Court 
exriphasizes the fact that during the 17th, and the earlier part of 
the 18th century, on the Continent, and in France and Germany 
in particular, scientific instruments were often engraved with 
elaborate designs, decoraied with Sancy scrolls, and enibnssed in 
gold on vellum and leather. Microscopes and scientific instru- 
ments generally of this description have often survived, being 
preserved froiii destruction on account of their artistic value, when 
they had been superseded by better and later models from a 
practical point of view. The instruments’ made in Great Britain 
were generally of a plainer description, and would therefore, when 
their usefulness had passed away, be either destroyed, or altered 
by the addition of newer devices and improvements, by which 
their original cliaracteristics were disguised and obscured, and 
their historical value greatly impaired. This no doubt accounts 
for the scarcity of the earlier forms of Microscopes made in Great 
Britain during the 17th century. 

The series of instruments shown on the table to-night have 
been selected froiri the cabinets of the Society with the view of 
illustrating, so far as possible, the gradual iniprovement of the 

* Seneca, ‘‘ Qusstiones Naturales,” BJi. i. Ch. vi. 
f- ‘1 Archetypa studiaque patris Georgii Hoefnagelii,” Frankfort, 1592. 
f J.R.N.S., 1915, p. 318. 
S C. Gesner, ‘‘ De omni rerum fossilium genere, gemmis,” etc., Tiguri, 1565. 

1 ,  T. Rupert Jones, Quart. Jourii. Geol. SOC., 1884, pl. xxxiv. fig. 5. 
(Last section, p. 165.) 
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niicroscopical image as shown under low powers, and we are 
indebted to Mr. T. H. Court and Mr. George H. Gabb for the loan 
of interesting and rare types which were not in the Society’s 
collection. No doubt several other models could have been pro- 
fitably included, but they have been omitted because, as is 
unfortunately often the case, contemporary objectives were not 
available for use with the instruments. In  order to facilitate 
the coniparison of the image in the different instruments we 
have in every case exhibited the same organism, the common 
Foraminifer Polystomella striuto-puuctatu (Fichtel & Moll). We 
have chosen this, not only because it is a suitable oqject for 
medium powers, but also because it was one of the first Rhizopoda 
ever figured,* appearing in the “ Micrographia” of Hooke in 1665,t 
and in the Letters of Professor Ylimmer’s “ Immortal Beadle,” $ 
Antony van Leeuwenhoek,§ the former “ from small sand,” the 
latter “from the stomach of a shrimp.” The slides have been 
mounted, by Mr. Arthur Earland, in various methods contempurary 
with the Microscopes employed. 

CLASS I.-THE EARLY TYPE OF SIMPLE MICROSCOPE. 

1. Antony van Leezcumhoek (c. 1673). 

This is a. copy made for Sir Frank Crisp from that in his 
possession, and presented to the Society by him, the original being 
in the Zoologisal Laboratory at the University of Utrecht. (See 
Journ. R.M.S., 1914, p. 103.) Ttvo thin metal plates are fastened 
together by rivets. Between these plates a very small double 
convex glass lens is mounted between two concavities provided 
with minute apertures. The object is held in front of the lens on 
the point of a short pin, the other end of which screws into a 
small block or stage of brass, which is riveted on the end of a 
long conrse-threaded screw acting through a socket angle-piece 
attached behind the lower end of the plates. It is with such 
instruments, of the rudest kind mechanically, that Leeuwenhoek 
astonished the world with his discoveries of Infusoria, Bacteria, 
and other microscopic forms of Me. 

Described and figured in Mayall’s Cantor Lectures, 1885, 
p. 20, i n  Journ. R.M.S., 1886, pp. 1047-9; 1909, p. 652, and 
1914, p. 105 ; and Singer, Proc. Roy. Soc. Med., vii. 1914, p. 252. 

* L. C. Miall, Op. cit.,p. 140. 
f R. Hooke, “ Micrographia,” etc., London, 1665, p. SO, pl. v. fig. 10. 
1 H. G. Plimmer, ‘‘ Bedellusimmorlalis,” Journ. R. Micr. Soc., 1913, p. 121. 

A. van Leeuwenhoek, “Sevende Vervolg der Brieven, Waar in gehandelt 
merd van veele Opmerkens en verwonderenswaardige Natuurs-Geheimen,” Delft, 
1702, p. 195, pl. (opp. p. 191), fig. 7, a, b, c,  “ Vertoont een van de Slak-hoorntjens 
die bij mij uit de Maag van een Garnaad is genomen.” 
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The object is quite recognizable, although the definition is extremely 
poor. This lack of definition is probably due to the fact that the 
model-maker concentrated liis skill on the reproduction of the 
metal work and neglected t,he reproduction of the lens. 

2. Wilson’s Xcrew-Barrel :Wiwoscope (1702). 

Two specimens of this instrument are exhibited, the one 
showing its adaptation to the exanhation of transparent objects, 
the other, its use with opaque objects. In  the one case the object- 
slide is held by a spiral spring and focused by a screw-barrel, 
which also carries an illuminating lens. At the further end, in 
the other case, a rod, provided ~7i th  forceps, replaces the object- 
slide, and a lens-carrying arm enables the magnifier to be suitably 
placed for viewing an object held by the forceps. This was a very 
popular model during the 18th century. (See Phil. Trans. xxii. 
pp. 1241-7.) 

Described and figured in Journ. R.M.S., 1905, p. 740. 
The progress of vision and definition is of course inseparably 

connected with the development of substage mirrors, condensers, 
and diaphragms. These are indicated in Hooke’s Microscope in 
1665, and Bonanni in 1692 shows the first compound focusing 
substage condenser, whilst in 1693 John Marshall, here in England, 
had supplied a substage condenser to his Great Double Microscope, 
consisting of a convex lens at the end of a pointed arm which 
could be adjusted up or down if required. In  1694 Hartsoeker 
figures a single convex lens focusing by a screw, and in the 
Microscope we are now showing there is a fixed convex lens, not 
capable of focusing or adjustment. 

3. Joblot’s ‘’ Troisiime Xouceazc Mici*oscope’~ (c. 171 6). 

This instrument, which is the only one of its kind known to 
us, is of very decorative and elaborate workmanship, but it is 
unfortunately not in working order. Joblot’s Microscope had a 
substage diaphragm lined with black velvet which he called the 
“canon.” (See Journ. R.M.S., 1914, p. 297.) 

4. Liebcduhn’s Microscope, invented 1738, made by Bez,juinin 
&&in about 1762. 

This is a simple biconvex lens, mounted in the central aperture 
of’ a polished metal reflector, which formed a small hand-Micro- 
scope for the special purpose of viewing opaque objects. This 
construction, in an improved form and applied to achromatic 
object-glasses, is in use at the present day. (See Adam’s “Micro- 
graphia Illustratn,” 1747, p. 16, and Jonrn. R.M.S., 1909, p. 652.) 
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It is only applicable to objects mounted in the special Lieber- 
The definition is admirable, but t,he image is, of kuhn manner. 

course, very small. 

CLASS IL-THE OLD COMPOUND OR ‘‘ DOUBLE ” MICROSCOPE. 

The Compound Microscope, as at first constructed, consisted of 
a single eye-lens, and a lens that did duty for the objective. 
About 1663 the field-lens was first added and soon became 
general. About this time also Microscopes were made with com- 
pound eye-pieces and compound objectives, but they did not 
survive, or at any rate become general, and it was not until 1759, 
when B. Martin added the extra lens at the back of the objective, 
that any improvement was made in the optical part of the instru- 
ment in its dioptric form. 

5. John Marshall‘s ‘‘ Double Microscope,’’ 1690. 

The points to be noted in the instrument exhibited, which is of 
earlier date than the one in the Society’s collection, are (i) the pro- 
vision of a screw for fine focusing, and (ii) the clamping of the stage 
to the pillar. The ball-and-socket joint at the base of the square 
pillar is typical of‘ the earlier models ; in the later instruments 
the ball-and-socket is replaced by a rigid pillar and a mirror is 
added below the stage. The instrument was described in the 
original advertisement of it as “ John Marshall’s New Invented 
Double Microscope for Viewing the Circulation of the Blood.” 
The word (‘ double ” here signifies that it was a compound instru- 
ment, provided with an objective for forming an image of the 
object and an ocular for viewing the image so formed. Con- 
cerning this instrument see Mayall‘s Cantor Lectures, 1885, p. 37. 
This instrument has been lent us for exhibition this evening by 
A h .  George H. Gabb, a member of the Quekett Microscopical Club. 

In  1702, Zahn in his “ Ocnlus artificialis ” (p. 796) shows what 
is probably the first Microscope with diaphragms. 

6. Culpepw’s Compound Microscope (ante 1738). 

This is a modification of Wilson’s simple Microscope. A 
body-tube of ivory, with draw-tube, is provided for the purpose 
of transforming it into a compound instrument, which is mounted 
on a pillar with a ball-and-socket joint. 

(This instrument is described and figured in Mayall‘s Cantor 
Lectures, 1885, p. 34. 

The detinition is very fair. 
See Journ. R.M.S. 1909, p. 653.) 

April 19kh, 1916 N 
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7. Cwlpcper’s Hicroscopc, improved by Scarlet (c. 1725). 

This tripod form of Microscope stand, mounted on a wooden 
box, was a favourite model for niore than a century. It was 
copied and made by successive opticians with many variations in 
form, material, and finish until about the middle of last century. 
The body of the present model is made of wood and cardboard, 
and the focusing is done by sliding the body. There is no fine- 
adjustment. The object-glass is a single biconvex lens, and the 
eye-piece has two lenses. A mirror with ball-and-socket motion 
is fixed to the box foot. These makers placed a conical ivory 
diaphragm below the stage to cut off part of the light under 
certain conditions. 

This instrument is described in R. Smith’s “ Opticks ” 
(Cambridge, 1738), ii. p. 407, and figured in Mayall’s Cantor 
Lectures, 1885, p. 40. (See Journ. R.M.S., 1909, p. 654.) 

No improvement in the definition. 

8. llTathaniel Adums’ Microscope (c. 1740). 

This is of the Culpeper and Scarlet pattern, and is rendered 
even more unhandy by the addition of a fourth pillar in the space 
surrounding the stage. This inconvenience was incurred, no 
doubt, for the sake of the greater rigidity secured by the fourth 
pillar-a distinct advantage in focusing the instrument. Atten- 
tion may be drawn to  the elaborate chain of ball-and-socket joints 
by which a condensing lens is connected to the stage. (See 
Journ. R.M.S., 1905, p. 397; and 1909, p. 654.) 

The concave mirror is fixed, and it is consequently very 
difficult to obtain satisfactory illumination. There is no change 
in the definition. 

9. George Aclams’ New Universal fiingle and Double 
Jlicroscopc ” (c. 1746). 

This Microscope has a folding tripod base, from which rises 
an octagonal pillar, bored out to receive a cylindrical stem that 
slides telescopically within it. The stem carries an eight-lobed 
disk or “scalloped plate,” as Adams terms it, containing eight 
biconvex lenses of graduated powers. The disk can be rotated 
beneath a fixed wheel so that any lens can be brought into use, 
whilst all the others are protected from dust by the flat rim, 
anticipating by 130 years the modern dust-proof, rotating nose- 
piece. The 
eoarse-adjustment is effected by releasing a pinching screw at the 

The body is made of blackened and polished ivory. 
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back of the pillar, and raising or lowering the stem to the required 
position, which is shown by index numbers on the octagonal 
pillar ; the screw is then tightened up, and an object mounted on 
a slide placed on the stage will be in focus. The fine-adjustment 
is actuated by the milled head of a micrometer screw at the base 
of the pillar. 

Though not inclinable and very light it shows important 
improvements over the Microscope of the period, and its work- 
manship is excellent in every detail. (For description and figures 
see .Tourn. R.M.S., 1909, p. 633-6.) 

This instrument gives a notably large amount of colour in 
the image. 

C L A S S  iII.--COMPOUND AND SIMPLE MICROSCOPES 
COMBINED. 

10. John Czc f s  “ N e w  Constructed Uozcble N i e r o s c o p  ” 
(c. 1744). 

The inventor of this model made a distinct improvement in 
the mechanical construction of the Microscope, and it forms an 
important link in the evolution of the instrument. The stand is 
firmer and more rigid, and altogether more handy, whilst the stage 
is more accessible ; the fine-adjustment applied to the body has 
greater delicacy. Cuff added the Lieberknhn to the compound 
Microscope, fitting it in such a manner that it could be used with 
all the objectives, and his method was to all intents the same as 
that employed to the present day. 

Described by Baker, “ Employment for the Microscope,” 1753, 
pp. 412-6. (See Journ. R.ll.S., 1904, p. 727 ; and 1909, p. 655.) 

11. John Cufs Sin& A q u a t i c  Microscope (c. 1750). 
(Lent by iVr. T?iomus fl. Court.) 

Compared with its predecessors the present instrument shows 
distinct improvements. The following points may be noted :- 
1. It is provided with a fine-adjustment which focuses the lens, 
not the stage. 3. The pillar is 
mounted eccentrically on its oval base-plate, and is capable of 
rotation, which gives the Microscope greater stability when used 
in an upright position. This 
model is interesting as being the original form of aquatic Micro- 
scope as first made by Cuff. At  the suggestion of John Ellis, F.H.S., 
it was altered to form what is now known as the Ellis Aquatic 
Microscope, and in this form it was used by him in 1752, whilst 
he was writing his work on the Corallines, published in 1755. 

2. The instrument is inclinable. 

4. It can be folded for portability. 

N 2  
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Upon the lines of the Ellis Aquatic Microscope, nearly all later 
models of dissecting Microscopes were fashioned. Owing to the 
careful way in  which the lenses are worked and mounted, and the 
fine-adjustment supplied, it is possible to get a very good image 
with this Microscope. (See Journ. R.M.S., 1898, p. 675 ; and 
1909, p. 654.) 

12. Benjamin Maptin (c. 1‘760). 

The maker of this instrument devised numerous improvements 
in the mechanism and optical arrangement of the Microscope, and 
the present model is an important link in its development. For 
the first t h e  there is a slow and fine movement for focusing, by 
rack-and-pinion and by screw, both applied to the stage, with the 
constant action of a spring to check the motion. A small compass- 
joint at the top of the pillar allows the carrying-ring to be turned 
out of the way when the instrument is used as a simple Micro- 
scope. 

This model is very interesting as, optically speaking, it differs 
from any of the previously described Microscopes. The eye lens 
is double (which gives a larger and flatter field), being composed 
of two double convex lenses ; there is the usual field lens, and, in 
addition, at the top of the nose-piece, there is a sniall biconvex lens 
of about 5 in. focus, which can be used with any of the ob.ject- 
glasses, and really forms a hack combination for all of thein. 
Mr. Nelson has pointed out in an article describing n very similar 
Microscope in his possession that the action of‘ this lens by reducing 
the power and increasing the aperture increases the optical index, 
and consequently improves the Microscope. This important 
improvement was later adopted by all the leading opticians, and 
is found in most of the better-class Microscopes till the advent of 
the achromatic form in 1886. 

(See Journ. R.M.S., 1900, p. 269; 1909, p. 655.) 

13. Benjamin MnytirL’s ‘‘ Larye Universal 2li!ic~oscop ’’ 
(c. 1771). 

This exceedingly elaborate instrument, of exquisite workman- 
ship, with‘ every conceivable movement, is said t o  have been made 
for King George 111. The meaning of the word “universal” is 
that it can be used for viewing opaque or transparent objects with 
either a single or double lens combination, that is to say, either 
as a simple or as a compound instrument, and that it possessed, 
in addition, the joints and accessories necessary to enable the 
user to direct his gaze in a horizontal, vertical, or inclined direction 
at  his choice, and to carry the body of the instrument over the 
different parts of the stage by what was then called the ‘ I  aquatic ” 
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traversing motion. The triangular upright stem has a compass 
joint at its base, and is fixed to an elaborate foot, over which it is 
adapted to rotate. This foot is, in most descriptions of the instru- 
ment, erroneously described as a tripod. The three feet do not, 
in fact, support the instrument, but serve only to steady it, the 
weight being carried by the knob in the middle of the foot. The 
stage has micrometric movements in three directions ; it moves 
the object, over a wire scale in the eye-piece. This method of 
micrometry was invented by Benjamin Martin, who also wrote a 
book about it. The double mirror, as well as the stage, can be 
raised and depressed by rack-and-pinion. The compound body 
can be removed and replaced by a simple Microscope ; the stage 
also can he removed and replaced. Provision is made for holding 
and illuminating living objects and large opaque specimens. 

This Microscope is fully described in the Transactions of the 
R.M.S. of 1862, p. 31. 

The definition is improved by the back lens, and there is no 
“ fog ” as in other contemporary instruments. The substage 
condensers of Martin mark a great step in the progress of the 
instrument. 

(See also Journ. R.M.S., 1909, p. 656.) 

14. BenjamGL Xartin’s ‘‘ New Universal A6icroscope ’’ 

The stem inclinable by a joint at its base, where it is fixed to 
a folding tripod foot. The body is attached to a movable arm, 
which, in turn, is carried by the stem. This arm can be swung 
about the axis of the stem, and moved to and fro in its socket, 
these movements facilitating the exploration of a large specimen. 
In consequence of this adaptation such Microscopes were, in the 
latter half of the 18th century, called “ aquatic.” Focusing is 
effected by rack-and-pinion, which moves the stem and body, 
whilst the stage is fixed. This Microscope has a rotating multiple 
lens-carrier nose-piece, invented by PBre Cherubini d‘Orl6ans. 

Described and figured in Journ. R.M.S., 1899, p. 325. 
The improvements to this instrument are merely mechanical, 

the optical construction not, differing in any important particulars 
from No. 12 before described. The adjustable pillar seen here was 
first used in Watkins’ Microscope (1754). The back lens is 
absent and the definition is very poor. 

(c. 1776). 

15. Shuttleirorth’s Microscope (c. 1786). 

The stand of this instrument is a somewhat later imitation of 
the Benjamin Martin type. The triangular stem has a compass- 
joint at its base, by means of which the whole Microscope is 
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inclinable. The stage has rack-and- pinion focusing movenient. 
The body is fixed to a movable and rotating arm, and carries 
Franpois Watkins’ rotating multiple lens-carrier nose-piece. The 
mirror and condensing lens ;slide on the triangular pillar. 

Described and figured in Jonrn. R.M.S., 1908, p. 36n; and 

The definition is not bad, tlie back lens introduced by Martin 
Beyond this there is no special 

1909, p. 657. 

making a slight improvement. 
feature or iniprovenient. 

16. Jones’s ‘ I  Most htLp,*ored JIicroscop” (c. 1798). 

This niodel follows an earlier form of Franqois Watkins, 
inasmuch as the compass-joint making the Microscope inclinable 
is raised to the top of an upright stem, fixed to a tripod folding 
foot. To the joint is fised a square limb, on the top of which a 
short arm, movable by rack-and-pinion, supports the body of the 
Microscope. The stage moves on the limb by rack-and-pinion, 
which serves for the focusing of the object. The mirror and 
condensing-lens slide on the same square limb. The object- 
glasses are contained in a rotating multiple lens-carrier nose-piece. 

The instrument was described by its makers (W. and S. Jones, 
of Holborn) as the “ most improved ” Microscope. This instru- 
ment does, in.fact, represent the culminating point reached by the 
dioptric instrument before the introduction of the achromatic 
objective. 

Described and figured in Adams’ “ Essays on the Microscope,” 
2nd ed., 1798, p. 99. 

The definition in this par/ticular specimen is poor, and there is 
a good deal of colour. A double mirror is attached to a separate 
rod. The earliest known Microscope with a double mirror dates 
froni 1748. 

(See Journ. R.M.S., 1909, p. 657.) 

CLASS Il,r.-REFLECTING MICROSCOPES. 

Although Robert Smith had invented his reflecting Microscope 
in 1738, with a condensing lens in front of the stage, the 
Microscope when in use being in a horizontal position, it chd not 
come into general use, neither did that of Barker (1736), which was 
also of the reflecting type. With these exceptions the optical 
construction and definition did not vary till the introduction of 
Woollaston Doublet and the Chevalier Doublet in 1820-30. Of 
course differences of definition and field are found, owing to the 
manner in which the lenses were ground and mounted, the most 
careful worknianship naturally giving the best results. 
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17‘. A~i~ic i ’ s  Bejlecting Microscope (c. 1827). 

This Microscope is achromatic, and there is therefore a distinct 
(See Journ. improvement in the definition and in the image. 

R.M.S., 1605, p. 120.) 

18. Cuthhert’s ReJectiny illicroscope (c. 1827). 

The attempts made at the close of the 18th and beginning 
of the 19th centuries to produce achromatic object-glasses for 
the Microscope having failed, owing to technical difficulties, the 
makers of these Microscopes attempted to produce achromatism 
by means of mirrors, carrying into effect a suggestion originally 
made by Xewton, which one or two other makers had followed 
up. Cuthbert’s instruments are said by Mayall to have been the 
best of their type. The magnification of objects is here effected 
by means of very small reflecting specula, and the result for low 
and medium powers was fairly satisfactory. The body is fixed 
by a compass-joint on the top of the telescopic stem supported on 
a folding tripod. The focusing is effected by moving the stage, 
and the latter has rectangular motion. 

Described and figured in Mayall’s Cantor Lectures, 1883, p. 58. 
(See Journ. R.M.S., 1909, p. 657 ; and 1913, pp. 98-100.) 

Cuthbert’s reflecting Microscope was said by contemporary 
users to have been a great improvement on Amici’s type. The 
instrument requires some adjustment ; it is suggested t.hat very 
likely the figure of the mirror has been spoiled by repolishing 
a t  some time, but this cannot be ascertained without making 
a thorough test. 

CLASS V.--BCHROMATIC MICEOSCOPES 

19. Dellcbarre’s “ Microscope U?zitwsel’’ ( Uncorrected) 
(c. 1777). 

This stand is a French model on the lines of the English 
Microscopes of the period. The square limb is fixed on to a 
scrolled folding tripod foot, and has a hinge about its middle by 
means of which the upper part can be inclined. The body is 
fixed to an arm which slides in a rotating socket at the top of the 
limb. The concave mirror and condensing lens slide on the limb. 
The arm carrying the stage has a pinion moving in a rack cut in 
the limb for the purpose of focusing. 

Dellebarre endeavoured to obtain achromatism by the use of 
oculars built up of crown and flint glass lenses, the excessive 
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correction of the ocular compensating for want of correction of the 
objective. His plan was not, however, successful, and the first 
practical achromatic Microscope was not produced until fifty years 
after his time. 

Described and figured in Petri‘s “Das Mikroskop,” p. 162. 
(See Journ. R.M.S., 1909, p. 658.) 

The instrument is not in working order, the lens in the eye- 
piece being absent. Doubtfully achromatic. 

20. Charles Chevalier’s “ Microscope Achronmtique ” 
(c. 1834). 

The brothers Chevalier, of Paris, were the first opticians to 
produce, about 1823, practically useful achromatic object-glasses 
for the Microscope The present instrument is an early specimen 
made by Charles Chevalier. The mechanical model followed is 
still that of Jones’s “ most improved,” with various modifications. 
The arm carrying both the body and the limb is fixed by a 
compass-joint to the top of the stem, which itself is supported on 
a flat solid tripod. Focusing is effected by rack-and-pinion to 
the stage, which itself is mechanical in one direction only. 

Described and figured in Chevalier’s “ Des Microscopes et de 
Ieur Usage,” 1839, pp. 98-100, pl. 3. (See Journ. R.M.S., 1909, 
p. 658.) 

The advance in definition is very marked, and when a balsam- 
mounted specimen is used the improvement is still more marked. 
Balsam mounts were, to all intents and purposes, unknown at this 
period, though Swammerdam (16374680) used balsam to render 
his anatomical preparations transparent. An account of his 
method is to be found at the end of Schrader’s “ Observationes et 
H i s to rk”  (Amsterdam, 1674). See also L. C. Miall, OF. cit. 
p. 178. 

21. Chaharles Chevulier (c. 1840). 

This exceedingly well-made instrument is an enlarged and 
improved Microscope upon the model of the preceding, embodying 
a number of devices for use in an erect or in a horizontal position, 
and for the observation of chemical reactions. It is described by 
its maker as his ‘‘ Microscope ,Achromatique Universel.” The 
focusing arrangements, both coarse and fine, are still attached to 
the stage, whilst the body remains fixed. In the horizontal 
position a right-angled prism is used for deflecting the rays into 
the tube. The mirror is plane and concave, and is movable by 
rack-and-pinion. The whole Microscope is exceedingly steady, 
and all the motions very smooth. 
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“ Described and figured in Chevalier’s “ Des Microscopes et de 
leur Usage,” p. 88, pl. 4. 

The definition in this instrument is hardly inferior to that of 
modern instruments with a 2-inch objective. The improvement 
upon earlier models is chiefly noticeable with the higher powers. 

Chevalier added a set of rotating diaphragms, similar to those 
now in use, to his simple Microscope, which mas modelled on 
Ellis’s “ Aquatic Microscope.” 

(See Journ. R.M.S., 1909, p. 649.) 

22. Hugh Po2wll (1839). 

This Microscope is of very great interest, because it embodies 
new features which have now been very generally adopted in the 
design of the Microscope. The body, stage and mirror are carried 
by the limb, which itself is attached by a compass-joint to an 
upright telescopic pillar raised on a solid tripod. The coarse- 
adjustment by rack-and-pinion for the first time moves the body 
of the Microscope, but the fine-adjustment is applied to the stage 
by a wedge acted on by a micrometer screw. In  this model also 
Hugh Powell systematically applied the method of ‘( springing ” 
in the movements to prevent loose action ; its application to the 
pivots of the mirror can be well seen. 

Described in Journ. R.M.S., 1901, p. 728 ; and 1909, p. 659. 
It is of interest to note that the whole of P. H. Gosse’s work 

on the Rotifera was done with a Microscope of this type, which he 
used throughout his life, ‘‘ in spite of modern improvements.” 

From this time the definition of low-power objectives has 
altered very little. Until the introduction of the littest corrected 
and apochromatic objectives in recent years there mas but little 
change, even in medium and high powers. 

23, HzLgh Poirell. Large Hicroscop (1841.) 

This almost too elaborate and substantial stand mas considered 
the best of its day, and embodies all the most refined movements 
and apparatus the maker was able to devise. The body is moved 
by rack-and-pinion, and is attached to  a hollow triangular bar. 
The fine-adjustment adtuates the stage. Originally this was a 
monocular Microscope, but the binocular body with Wenhani’s 
prism was fitted to it after the invention of the latter in 1863. 

Described and figured in .Tourn. R.M.S., 1900, p. 285; and 
1909, p. 659. 
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24. Juines Smith (1841). 
This stand has become a model on which many English stands 

have since been made. A substantial pillar mounted on a solid 
tripod supports a grooved limb, which itself carries directly the 
body, stage, and mirror. Coarse-adjustment is effected by rack- 
and-pinioii moving the body, whilst the fine-adjustment for the first 
time by lever and screw acts on the nose-piece only. The 
.mechanical stage has rectangular motion, and can be rotated. 

Described and figured in Microscopic Journal, ii., p. 1, and in 
Journ. R.M.S., 1900, p. 5 5 3 ;  and 1909, p. 660. 

25. Andrew Boss (1841). 

The pillar is mounted on a circular base, which rotates so as 
to increase the steadiness of the base when the Microscope is 
inclined. The body slides in the grooved limb, and the fine- 
adjustment acts by a lever on the nose-piece. The mechanical 
stage has rectancular movements and also rotates. 

-Described and figured in Journ. R.M.S., 1899, pa 214; and 
1909, 11. 660. 

26. Edir*ii~ QIceEett’s Microscope (1844). 

This instrument was designed and mainly constructed by 
Dr. Quekett, the founder of the Royal Microscopical Society. 
Whilst following James Smith‘s Microscope in general arrange- 
nient;, this model is characterized by greater rigidity of the Soot 
and pillar. The mechanical stage is made on A. Ross’s pattern. 
Below the stage there is a Socnsing condenser. Bequeathed to 
the Society by Ur. Qnekett, who died June 28, 1847. 

(See Journ. R.M.S., 1909, p. 660.) 

27. Powell a i d  Lecclmd (1848). 

This model is the first example in which the Microscope is 
hanging in a tripod, and is also the first exaniple in which the fine- 
adjustment moves the nose-piece by means of a lever within a 
bar. The mechanical stage has Turrell’s rectangular movement, 
and possesses a focusing condenser. This type of Microscope 
appears to have been first made in 1843, but, as in all the features 
mentioned it is being reproduced at  the present day, it may be 
said to represent the modern instrument. 

This instrument is described and figured in the Journ. R.M.S., 
1898, p. 125 ; 1901. p. 727 ; and 1909, p. 660. 
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